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The Mercury Marketplace: Sources, Demand, Price
and the Impacts of Environmental Regulations

Bruce Lawrence

President

Bethlehem Apparatus Company, Inc., 890 Front Street
Helertown, PA 18055

Phone: (610) 838-7034, Fax: (610) 838-6333
brucelawr @aol.com

Bruce Lawrence
Mr. Lawrenceisthe President of Bethlehem A pparatus Company, Inc., since 1980, and the principa stock
holder since 1992. Bethlehem Apparatus Company is the leading company supplying mercury to the U.S.
domestic market, as wdl as the leading mercury retort recycling operation. Mr. Lawrence has been
published in the Enginearing and Mining Journal for several years in the annual mineral section on the
Mercury Market. He has aso presented work to EPA on the retort distillation of mercury, 1992.

TheMercury Marketplace: Sources, Demand,
Price and the Impacts of Environmental Regulations

Presentation will provide answers to the following questions. Where does the present market for mercury
0t its supplies? How does recyding of mercury waste materials effect the market? What is byproduct
mercury and how doesiit interact withthe more traditional supplies of mercury? Mercury Mining; Who does
it and isit gill necessary for the supply to the mercury marketplace? Who il uses mercury in products and
services? How is mercury used in consumer products? How is mercury used in non-consumer products?
How much mercury isin use today? How much mercury is available for the mercury marketplace? Who
owns this mercury? Why are there stockpiles of mercury? What changes have taken placein the past few
years Snce efforts have been made to limit mercury use? How much does mercury cost? Has this changed
sincethe onset of environmenta regulaion? How does price affect the supply and demand of mercury? Are
there other effects of mercury pricing?
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Waste Minimization and Elimination

Harold Charles
Waste Minimization and Elimination
U.S. Environmenta Protection Agency, Office of Solid Waste
401 M Street, SW
Washington, D.C. 20460
Phone: (703)308-8918, Fax: (703)308-8433
charles.harold@epa.gov

Harold Charles
B.S. in Civil Enginesring, Univergty of DC, 1986
M.S. in Waste and Environmental Management, University of MD, 1994
Professona Engineering License with DC and MD, 1997

1987 to 1994, Civil Engineer and Environmentd Coordinator, DC Air National Guard at Andrews Air
Force Base, 113th Civil Engineering Squadron1994 to 1995, Environmentad Protection Specidigt,
Headquarters U.S. Army at the Pentagon, Environmental Programs Directorate, Pollution Prevention
Divison

1995 to 1998, Civil Engineer and Environmenta Officer, Headquarters Federal Emergency Management
Agency, Response and Recovery Directorate, Infrastructure Divison, Engineering Branch

1998 to Present, Environmenta Engineer, Headquarters Environmentd Protection Agency, Office of Solid
Waste, Hazardous Waste Management and Minimization Divison, Waste Minimization Branch

Mercury isone of the PBT (persistent, bioaccumulative and toxic) chemicas that EPA hasfocused onover
the years.

An overview will be given of how mercury in products and production processis found in waste streams.
Subsequently nationd data of mercury bearing wastes and how they are managed (i.e. treated, recycled,
and disposed of) will be highlighted.

Current EPA initiatives focusng on mercury in wastes will be discussed, induding pollution prevention
initiatives.

EPA/OSW supports waste minimization to reduce mercury in wastes and when not feasible, effective
trestment or more Land Disposa Redtriction (LDR).
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EPA’s Mercury Action Plan

Greg Susanke
U.S. Environmenta Protection Agency, Office of Pollution Prevention and Toxics
401 M Street, SW
Washington, DC 20460
Phone: (202)260-3547
susanke.greg@epa.gov

Greg Susanke
Greg Susanke is abiologist, and the manager of EPA’ s Office of Pollution Preventionand Toxics Mercury
Program. He is currently leading a multi-Officeworkgroup effort in developing a Mercury Action Plan for
the Agency. Greg is dso saving as a U.S. representative on the Commisson for Environmental
Cooperation’s Mercury Task Force where he has helped implement Phase | of the North American
Regiona Action Plan on Mercury, and has asssted in the drafting of its second phase.

EPA’sMercury Action Plan: An Overview

Among the many pollutantsthat EPA addresses, persistent, biocaccumdtive and toxic (PBT) substancesare
pollutantsof primary concern. It hastraditionaly addressed these and other pollutantsamongitssngle-media
offices. However, many pollutants, especidly PBTS, can not be fully addressed in this manner because of
their cross-media nature. Accordingly, the EPA is committing, through the development of aPBT Strategy,
to create an enduring cross-office system that will address the cross-media issues associated with priority
PBT pollutants. The PBT Strategy, which is currently being drafted, will integrate the work being done
across media offices and between nationa and regiona programs morethoroughly. It will dign domestic and
internationd activities more effectively, involve stakeholders, and use measurable objectives and assess
performance. This dtrategy is intended to make the whole of the Agency’s efforts onPBT pollutants more
than asum of its parts.

A centra dement to EPA’s PBT Strategy is the development and implementation of nationd action plans
for priority PBT pollutants. Mercury has been sdlected as one of the firg PBT substancesto be addressed
under thisstrategy. The Agency is currently in the process of drafting a Mercury ActionPlan. Althoughthe
PBT Strategy will not be discussed in the presentation, an understanding of its principles, as previoudy
mentioned, frame the context of the action plans.

The presentation will briefly discuss use, rdease, and risk reductiongods for mercury, aswdl asthetools

to be used to measure progressin achieving these goals. A lising of the numerous source categories/sectors
to be addressed will be presented, but the focus of the presentationwill be ondescribing the priority areas
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of future action. Mention of these priorities a the time of writing this abstract is not possible, as they are
currently being devel oped.

Disposal of Mercury Waste and Stockpiles

Josh Lewis
United States Environmenta Protection Agency
Office of Solid Waste (5302 W)
401 M Street, SW
Washington, D.C. 20460
Phone: (703) 308-7877, Fax: (703) 308-8433
lewis.josh@epamail.epa.gov

Josh Lewis
Josh Lewis inan Environmenta Engineer in the Waste Treatment Branch of EPA’s Office of Solid Waste.
He graduated from Cornell Universty with aB.S. in Environmenta Engineering. Josh hasworked at EPA
for two years, during which time one of his main projects has been the reevduation of the Land Disposal
Restriction trestment standards for mercury-bearing wastes.

Treatment and Disposal of Mercury Hazar dous Waste

The origind Land Disposa Redtriction (LDR) trestment standards for mercury-bearing wastes were
promulgated in 1990. These standards, which are Hill in place, require high mercury subcategory wastes
(i.e, wastes that contain greater than or equal to 260 ppm total mercury) to be roasted or retorted to
recover the mercury or, if organics are present, the wastes can aso be incinerated. Low- mercury
subcategory wastes (i.e., wastes that contain less than 260 ppm tota mercury) have to meet a numericd
trestment standard based on the toxicity characteristic leaching procedure (TCLP). Since 1990, many issues
have arisen with the mercury trestment standards, including whether the origind premise of incineration as
a pretrestment step to mercury recovery is dill true; whether there are options for treating high-mercury
wadtes that are not amenable to retorting; and, since mercury use in indugtry is on the decline, whether we
should dill require mercury recovery for high subcategory wastes, or instead alow treaters the option of
dahilizing these wastes. Because of these and other issues, EPA has begun a reevauation of the LDR
mercury trestment standards. The fird step in this reevauation was the publication of an Advance Notice
of Proposed Rulemaking (ANPRM) onMay 28, 1999, whichdescribed the issueswe have withthe current
mercury trestment standardsand di scussed some potentia options for anending the standards. We are now
evauating the comments that we received onthis ANPRM. Inaddition, we are involved in two treatability
sudies that are researching the efficacy of emerging mercury treetment technologies. The end result of our
current mercury work will be the publicationof aproposed rule on changes to the LDR mercury trestment
standards in late 2000.
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Mixed Waste Issues

Grace Ordaz Greg Hulet
Chemicad Engineer Mixed Waste Focus Area
U.S. Environmenta Protection Agency Bechtd BWXT, LLC
Office of Solid Waste Idaho National Engineering and Environmental
401 M Street, SW (MC 5304W) Laboratory
Washington, DC 20460 P.O. Box 1625 MS 3875
Phone: (703) 308-1130, Fax: (703) 605-0744 Idaho Falls, ID 83415-3875
Ordaz.Grace@epa.gov Phone: (208) 526-0283, Fax: (208) 526-1061
Hag@inel.gov
Grace Ordaz

Ms. Ordaz has been working on EPA mixed waste proposa for the past two years. Ms. Ordaz has dso
worked at US DOE Office of Environmental Management, Office of Research and Development on
mixed waste technology development, and a the MD Department of Environment administering the
State Biomonitoring Program under CWA's municipa NPDES permit program. Ms. Ordaz also has
experience with the AA county pretreatment program under the CWA, and process design of petroleum
plants.

Greg Hulet

Mr. Hulet is the work package manager for the Unique Waste Work Package, which indudes DOE’s
mercury mixed wastes. As such, he coordinates research, development, and technology deployment
activitiesto ensurethat dl the wastesinthe Unigue category have apath for trestment and disposal. He has
aMasters Degree in Chemica Enginesring and ten years experience in waste management and pollution
prevention. He aso has consgderable experience with Naval Nuclear Propulson Plants. He has been a
scoutmaster for 15 years, which, after watching scouts cook for that long, has made himan expert in unique
hazardous wastes.

EPA Proposed Rulefor Storage, Treatment, Transportation, and Disposal of Mixed Waste

Consarvationand Recovery Act (RCRA) to provide a conditiona exemption fromcertain requirementsfor
eligible mixed waste. EPA is requesting public comments on this proposed action.

Mixed wasteisaradioactive RCRA hazardous waste. It isregulated under two authorities: 1) the Resource
Conservation and Recovery Act (RCRA), asimplemented by EPA or authorized states for the hazardous
waste component; and 2) the Atomic Energy Act of 1954, as amended (AEA), for the radiological
component as implemented by either the Department of Energy (DOE), or the Nuclear Regulatory
Commission (NRC) or its Agreement States.

27



The focus of this proposal isto provide flexibility under RCRA Subtitle C to generators of digible mixed
waste. We are proposing a conditiond exemption from the definition of hazardous waste applicable to:
low-levdl mixed waste (LLMW) for dorage; and LLMW or Naturdly Occurring and/or
Accelerator-produced Radioactive Materia (NARM) for transportation and disposal. The proposal is
expected to reduce dual regulation for generators in the management and disposd of their wastes. This
flexibility will enable generators of LLMW who are licensed by the Nuclear Regulatory Commisson(NRC)
to clam an exemption for storing and treating these wastes in tanks or containers (using solidification,
neutrdization, or other stabilization processes) without a RCRA permit. This proposal will adso provide
flexibility for the manifesting, transportation and disposal of digible mixed waste. Waste mesting the
proposed conditions will be exempted from certain RCRA Subtitle C hazardous waste requirements and
managed as radioactive waste in accordance with NRC regulations.

International Perspective

John Diamante Mailyn E. Engle
U.S. EPA, Office of Internationd Activities U.S. EPA, Office of Internationd Activities
401 M Street, SW 401 M Street, SW
Washington, DC 20460 Washington, DC 20460
Phone: (202)564-6608, Fax: (315)475-9351 Phone: (202)564-6472, Fax: (202)565-2409
vdemarchi @secor.com englemarilyn@epagov

John M. Diamante

John M. Diamanteisthe Senior Science Advisor for the EPA Office of Internationa Activities, reporting
tothe Assgant Administrator and Deputy. His respongbilities areto provide advice, review and oversght
on technica and saentific matters and related policy issues concerning the programs and activities of the
Office. He is actively engaged in interagency and international cooperative projects concerned with
radioactive waste management problems in Northwest Russa. Hereceived hisdoctorate from New Y ork
Universtybased onresearchin planetary atmospheres conducted at the NA SA Goddard I ndtitutefor Space
Studiesin New York. Subsequently, he was employed at severd aerospace companies, including TRW
Systems and EGandG, and thenwent onto federa employment withthe Nationa Oceanic and Atmospheric
Adminigration (NOAA). At NOAA, he served asa sdentific and technica advisor in the National Ocean
Service, Oceanic and Atmospheric Research Office and Climate Change Program Office.

Marilyn E. Engle
Mailyn E. Enge is an Internationa Affairs Specidist in the EPA Office of Internationa Activities. She
presently isthe Agency lead on international transboundary transport aspects of mercury, and has served
as lead on international marine and coastd issues, where she initiated Agency activitiesto shape a Land-
Based Sources of Pallution(LBS) Protocol for the Wider Caribbean. She received her BA in Zoology and
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Anthropology from Duke University and her Magter’ s Degree from George Washington Universty. Her
experiences include being a Senior Research Technician at Duke University Medica Center working
conducting research on non-ionizing radiation sublethd effects.  After joining EPA, she was an
Environmenta Scientist for the Office of Radiation Programs and supported the regulatory program on
oceandisposa of low-leve radioactive waste before taking her present positioninthe Officeof Internationa
Activities. She aso co-managed the Arctic Nuclear Waste Assessment Program (ANWAP) while on a
recent detail from EPA to the Department of Defense Office of Naval Research, where she focused on
preparing a humanand ecol ogical risk assessment of the potentia for transport fromRussato the U.S. State
of Alaska of Russian nuclear wastes dumped into or entering the Arctic Ocean.

L ong-Range Transboundary Transport of Mercury: International Dimensions of the Mercury
Problem and Opportunitiesfor Cooper ative Solutions

We are becoming increesngly aware tha we mug address mercury, a perssent and
bioaccumulative toxic, at locd, regiona and globa scales. 1n addition to the problem of long-rangetransport
from combustion sources of mercury, suchas coal burning, the EPA Office of Internationa Activities(OIA)
a s seesaneed to focus on the long-range transport fromnon-combustion sources, such asthe chlor-akali
industry and mercury in waste streams.

Thereisgrowing evidencethat the U.S. isbeing impacted by many atimosphericaly borne, globdly
cdreulaing persgent toxics, such as persstent organic pollutants (POPs), and other atmospheric
contaminants, including ozone and particulates. There is reason to believe that mercury is smilarly being
trangported to the U.S. from abroad, and that U.S. sources are contributing to the globa pool of mercury
that is being circulated worldwide. EPA estimates that about one-third of U.S. anthropogenic mercury
emissions are deposited in the contiguous U.S., while the remaining two-thirds is trangported outside the
U.S. and enters the globa pool. Correspondingly, estimates suggest that about 35 tons, or 40% of the
mercury that is deposited in the U.S. per year, may originate from sources externd to the U.S. With the
rgpid indudtridization and increasing use of cod in AdSa and re-indudridization in Russa, this trend is
expected toincrease. Rapid indudtridization will aso increase the burden arising from the non-combustion
SOUrces.

The misson of OIA regarding mercury is multifold: 1) to improve understanding of internationa
sources of mercury, and the regiona and global-scale transport processes; 2) to influence internationa
awareness and actions through internationd fora; 3) to provideinternationd training and technology transfer
in selected countries to bring about reductions in mercury use and emissions; and 4) to facilitate data and
informationmanagement. Our emphasisto date hasbeen onimproving scentific understanding of long-range
trangport, and on partnering with other countries in cooperative solutions, and through regiond fora to
collectively influence actions in other countries. Currently, OIA, in cooperation with other EPA Offices,
other federal agenciesand other governments, is supporting activities such as speciated mercury monitoring
and modding effortsinBarrow, Alaskaand inthe Ohio River Vdley and the FHorida Everglades to evduate
internationa contributions of mercury to U.S. deposition. EPA isaso actively engaged in mercury issues
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and regiond action plans under numerous regiond agreements, induding the U.S.-CanadaBinationd Toxics
Strategy, the North American Commission on Environmenta Cooperation (CEC) involving the U.S,,
Canada and Mexico, the UNECE Convention on Long-Range Transboundary Air Pollution (LRTAP)
Heavy Metds Protocol, and the activities of the Arctic Council, which includes the Arctic Monitoring and
Assessment Program (AMAP).

In addition to improving scentific knowledge of transport and fate of mercury sources, we are
working through internationa fora to find opportunitiesfor internationa cooperative approaches to further:
1) sourceidentificationand characterization, particularly withthe chlor-alkdi sector; 2) pollutionprevention,
such as taking mercury out of products; 3) environmenta capacity building; 4) environmentaly sound trade
and free market decisons regarding mercury, and 5) informed internationa policy making concerning
mercury.

Mercury Information Management Issues

James Ekmann
Office of Syslems and Environmenta Andlyss,
Nationa Energy Technology Laboratory,
U.S. Department of Energy
Phone: (412)386-5716
ekmann@netl.doe.gov

James Ekmann
Mr. Ekmann serves as the Deputy Associate Director in the Office of Systems and Environmentd Andlysis.
This officeis part of the National Energy Technology L aboratory of the U.S. Department of Energy. OSEA
assesses the technical, environmental, and cost performance of technologiesdeveloped at or under funding
fromNETL. Staff in the office conduct environmenta assessments, detailed engineering reviewsin support
of RDandD projects. The office also provides a foca point for the laboratory’ s externa communication
including technology transfer, and preparation of materials summarizing technica successes.

Information Toolsfor Mitigation Strategy Development

The need to link technology costs and a comprehensive risk assessment methodology in the context of
addressing mgor environmental contaminants, e.g., mercury and other persstent bicaccumulative toxics
(PBTS) has been discussed by a number of authors. Assessments of policy options rely increasingly on
multiple tiers of modding studiesinformed by large volumesof data. Thistendency raisesthe need to manage
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the use of modds and the dataneeded to ensure andytical resultsthat are congstent and of suffident qudity.
TheNETL has been examining the connection between data, and concepts such asinformation, knowledge,
and wisdom as these relate to the role of advanced foss| fud technol ogiesina carbon managed future. We
planto devel op adecisionsupport model that would be aninformeation portal to both process-level dataand
information and to system-level analyses. We believe that this linkage will lead to knowledgeable choices
about mitigation technologies and hasthe potential to clearly communicate results facilitating formulation of
wise policy options. We believe that this endeavor offers useful ingghts to amilar information needs and
structures for other issues such as mercury /PBTs. This paper discusses both the approach being used to
design the decison support system and the linkages between scientific and technica data and information
on societd vauesthat are essentia to making such a concept useful.

National Implementation of the Universal Waste Rule for Mercury
Lamps (Industry Perspective)

Paul W. Abernathy
Executive Director
Asociation of Lighting and Mercury Recyclers
2436 Foothill Blvd. Suite K
Cdistoga, CA 94515
Phone: (707) 942-2197, Fax: (707) 942-2198
abernath@napanet.net

Paul W. Abernathy

Paul W. Abernathy is the Executive Director of the Association of Lighting and Mercury Recyclers, a
national non-profit organizationrepresenting members of the mercury recyding industry. Mr. Abernathy has
worked for over 25 years in the environmenta services industry throughout North America, representing
public and private companies and clients. His background includes extensive participation in public policy
development and implementation for water qudity, ar and hazardous substances management. Mr.
Abernathy has had experience working withNATO oninternationa exchange of environmenta management
programs and technol ogies; was appointed by a California governor to serve on the multi-disciplined State
Hazardous Waste Fecility “Siting” committee; and presently serves as technica advisor to regiond
governments in Northern California on hazardous waste management planning, siting and development
issues, water and energy conservation, regulatory and environmental compliance, pollution prevention and
resource recovery. Paul serves as member of Northern Cdifornia Green Business Advisory Board.

Mr. Abernathy earned a M.B.A. from Pepperdine Univerdty and a B.S. in Biology/Chemigtry from the
Univergty of Arizona.
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National Implementation of the Universal Waste Rule for Mercury Lamps

This presentation includes a brief history of mercury lamp recycling and disposd in the U.S,, the public
policiesthat have influenced lamp disposd, highlights of States programs regulating lamps, and it discusses
the latest changesto the Universd Waste Rule effective 1/6/00. EPA’ sgoal isto divert mercury lampsfrom
municipa wastes, and the Association of Lighting and Mercury Recyclers is part of a public-private
partnership that is forming to work with busness and al date and locd governments in the U.S. for
implementation of the new rule. This presentation discusses loca government roles and options, business
and generator options and the educationa and resource information being devel oped.

Spent mercury lamps are considered hazardous waste, but for the most part they have not been managed
thisway. EPA believes the mgor reason for the wholesale non-compliance is the lack of awareness and
access to information on the part of lamp owners and locd governments, which includes nearly everyone.
The nationd recycling rate has been about 12%, which means there are till 500,000,000 mercury lamps
disposed in the garbage, potentidly exposing people and the environment to mercury. RCRA has dways
required the proper management of mercury lampsashazardous wastes, but withfew exceptions (MN, FL)
there hasbeenlittle or no enforcement by regulatory agencies. EPA adopted the UWRto includelampson
7/6/99. (FR July 6, 1999, Volume 64 Number 128, pp. 36465-36490, and 40 CFR 273), effective
1/6/00. The godl of the rule isto increase the recycling rateto 80% and remove regulatory and cost burdens
for those who recycle. States may take severa possible actions to achieve consstency withRCRA.. States
may have more gringent policies, but the minimum regulatory criteriamust not alow the land disposal of
mercury-lamps. L ocal governmentshave aresponsbility too, through their franchisesfor solid wastes, HHW
programs, SQG programs, pollution prevention programs, landfill operations.

Our recycling association has formed a partnership with Earth’s 911, and dong with EPA and corporate
partnersis helping provide information and resources to the states, and working withloca governmentsto
adopt and implement programs that encourage recycling and set up a sufficient infrastructure to divert
mercury lamps from municipa wastes atogether by making recycling easy, inexpensve and avalable to
business and the public.

The new UWR makes it easer than before and less costly to manage lamps properly. Where RCRA has
not been enforced and the compliance rates are low, non-compliant disposal has cost little to generators.
Proper lamp management under the UWR represents a small percentage of total lighting costs, and it keeps
mercury frombeing released into the environment. To achieve complianceit isincumbent on states and local
government agencies, working with both public and private entities, to ease the burden on generators by
making collection and recycling programs for mercury lamps readily available. By sharing information,
conducting public-private seminars and workshops throughout the country, offering Earth’s 911 resource
guide, website and tall-free number we are helping educate people about their respongbility. The nationa
god isto recycle as many mercury lamps as possible.
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State Perspective

John Gilkeson
Principa Planner
Minnesota Office of Environmentd Assstance
520 Lafayette Rd. N.
St. Paul, MN 55155-4100
Phone: (651) 215-0199, Fax: (651) 215-0246
john.gilkeson@moea.state.mn.us

John Gilkeson

John Gilkeson has worked for the state of Minnesota for 10 yearsand is currently aprincipd planner with
the Office of Environmenta Assistance. During that time John hasworked on " problemand special wastes,”
including medica and infectious waste, household hazardous waste, batteries, lead, eectronics, and mercury
wastes. John's focus for the past four years has been on the use and management of mercury in products.
John hasworked on the Minnesota universal waste rule, the federa mercury lamp rule, the federal mercury
gockpile issue, and represents Minnesota on the Binational Toxics Reduction Strategy Mercury Work
Group. John has dso worked with several indudtries and sectors that use, manage, or release mercury,
induding ail refineries, thermostat manufacturers, relay manufacturers, automobile manufacturers, the state
dental association, demalition contractors, and severd mercury recyclers.

Minnesota State Per spective

Minnesota and other states are taking a variety of approaches to understanding, reducing, and managing
mercury that is released from a variety of human activities. Though states have differing needs and
resources, and must take different gpproaches, they aso have much in common and would benefit from
more coordinaion in laws, rules, programs, and research. Similarly, on a nationd and internationd badis,
our commoninterestswould benefit froma more coordinated approach to research, programs, and policy.
Other public and private sector interests are key players in these processes and have astrong interest in
consistent and equitable measures to address mercury nationaly and internationaly.

In this presentation, Minnesota state agency staff will present their perspective on impediments to and
opportunltm for advancing locdl to internationd mercury reduction efforts in the areas of:

Environmenta research and monitoring;

Laws and regulaions,

Policies and programs,

Education;

Incentives and other measures for voluntary action, including nationa early reduction credit;

Coordination amnong governments, businesses, and NGOs,

Research and measuresfor reducing and managing mercuryin purposeful use (and waste management);
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Research and measures for reducing emissions from energy and resource sectors,

Research and measures for reducing emissions from other unintentiona use or materia reuse;
Management and disposition of stockpiles and reserves,

Retirement of mercury removed from commerce; and

Devedoping and promoting non-mercury products and processes.

The presentationwill indludean overview of recommendations fromthe MinnesotaComprehensve Mercury
Reduction Initiaive (March 1999) and International Policy Recommendations developed by attendees of
the 5" International Mercury Conference in Rio de Janeiro (May 1999).

Model State Legislation

Richard Phillips
Virginia Department of Environmental Consarvation
103 South Main Street
Waterbury, VT 05671
Phone: (802)241-3470, Fax: (802)241-3273
rich@dec.anr.state.vt.us

Richard Phillips
Richard Phillips spent two years designing and overseeing construction of water sysems on the Navajo
reservation. For the last 30 years he has supervised and managed programs for the Vermont Department
of Environmentad Conservation. Mr. Phillips managed the congtruction grant program, the wastewater
operation oversght program, the enforcement program and the P2/Assistance programs. He has been
respongble for the implementation of Vermont’s mercury products labeling and disposa ban law passed
in 1998. He has been involved with the development of the regiond modd mercury products legidation.

Mr. Phillips has a Bachelor and Master’ s degree from Northeastern University.

Model State L egidation (Northeast States M odel)

This presentation is based on efforts of the Northeast States to develop model state legidation. This
presentation will describe:

1. The basisfor creating model mercury product legidation as recommended in the Regiona

Mercury Action Plan.
2. The process used to develop the modd legidation.
3. The high points of the current draft mode legidation which includes the following sections
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Legidaive Findings Public Outreach and Education

Definitions Universd Wadte

Interstate Cleaning house State Procurement
Noatifications Enforcement

Phase-out and Exceptions State Review

Labding Severahility Clause
Disposa Ban and Scrap Fecilities Effective Date
Collection Adminigrative Fees

Sdes Redtrictions Appropriation
Disclosure Public Notification and Review
Limitationson Use Prohibition

4, The remaining steps to adoption as aregiond modd.

5. The dtatus of date-by-state legidative initiatives.

NGO Perspective

Jane Williams
Executive Director
Cdifornia Communities Againg Toxics
P.O. Box 845
Rosamond, CA 93560
Phone: (661) 273-3098, FAX: (661) 947-9793
Danloan@aol.com

Jane Williams
Ms. Jane Williams serves as the executive director of Cdifornia Communities Againgt Toxics, a codition
of 80 community based environmenta groups in Cdifornia.  She has a degree in economics from the
Univergty of Cdifornia, Los Angeles and has eight years experience working on environmenta issueswith
afocus on persgtent, bioaccumulative toxins, Superfund Sites, incineration, and nuclear issues.

Shehasworked exteng vely withcommunity-based environmental/public healthadvocacy groupsand Native
American tribes on numerous pollution-rdated issues. Ms. Williams has aso worked in Mexico on
environmental issues with the Secretaria de Relaciones Exterior, the Indituto Naciona de Ecologia,
Commision Naciond dd Agua, and with non-governmenta organizations in Mexico. She has presented
papers a three different conferences in Mexico dealing with pollution and water policy issues.
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Sheisaso the Chair of the Waste Committeefor the Nationa Sierra Club. This committeehasresponsbility
over many of the Club's pollution related issues including Toxic and Nuclear Waste, Superfund,
Brownfidds, Nuclear and Chemica Weapons, Solid and Medica Waste, Federa Facilities, and
Environmenta Justice issues related to wadte.

Ms. Williams serves onthe board of the Cdifornia Environmenta Research Group, the Clean Air Network,
Greenaction, the Cdifornia Stop Dioxin Exposure Campaign, the Dd Amo Action Committee, and the
Nongtockpile Chemica Weapons Forum. Sheis a past member of the Federa Advisory Committee on
the Industrid Combustion Coordinated Rulemaking and a former member of the Regulatory Structure
Update Technical Advisory Committee on Superfund for the State of California Department of Toxic
Substance Control.

NGO Per spective

The United States and Canada agreed to the virtud diminationof persstent toxic substancesinto the Great
Lakes under Artide Il of the Great Lakes Water Quality Agreement signed November 18, 1987. The
current Mercury Action Plan does not serve as an integrated blueprint for actions that will achieve the
diminaion of mercury emissions into the environment. Forty states now have fish consumption advisories
for mercury in fresh water fish due to the continued release of mercury into the air and water. Non-
governmental organizations have become concerned about thelack of “linkage’ betweencurrent EPA policy
on mercury and the virtud dimination god. They have set forth a series of recommendations which they
believe would lead to the attainment of this god, including steps that the EPA should take bothinthe short
term and the long term. This paper will present these recommendations dong with the rationde for their
adoption.
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Mercury Stock Management

Folke Dorgdo
Internal postal code 655
Directorate-Generd for Environmenta Protection
Minigtry of Housing, Spatid Planning and the Environment

P.O. Box 30 945

2500 GX THE HAGUE
The Netherlands

Phone: + 31 70 339 4908, Fax: + 31 70 339 1297
Folke.Dorgel o@D SVS.DGM.minvrom.nl

Folke Dorgelo

Mr. Dorgelo'srole a the Minigtry of Housing, Spatid Planning, and the Environment encompasses heavy
metas policy, negotiations withthe metal industry in The Netherlands — especidly concerning the reduction
of corrosion and run-off of copper, zinc and lead used for construction and building; recyding of plastics
and packaging (waste) containing heavy metds, risk evauation and risk management of metas (lead,
mercury, cadmium, copper, zinc, chromium, nickel, bismuth, tin) and PNASs, and chemicasrisk reduction
programme of the OECD, Environmental Health and Safety Divison (lead, mercury and cadmium). Mr.
Dorgelo dso participates in the European Commission DG Enterprise working group (chemicds, plastics
and rubber) onthe ‘limitations on marketing and use of dangerous substances and preparations’ ( Directive
76/769/EEC).

Mr. Dorgelo earned his M.S. in Biochemistry (1974) from the State University of Leiden, has a Teaching
Degreein Chemidtry and is aregistered toxicologist (Dutch Society for Toxicology).

PARCOM Decison 90/3 (1990) ams at the phase-out of the mercury cell process in the chlor-alkali
industry in Europe by 2010. About 12,000 tons of mercury in Europe are now in use in this process. It is
expected that these mercury stocksfromthe chlor-alkali industry, whenbecoming available due to phase-out
of the mercury cell process, will end up in worldwide uncontrollable gpplications with diffuse emissons to
ar, water and soil. This concern for globa transportation, application and emission of mercury isthe main
reason for the Netherlands to start a project to achieve commitments with industry for an environmentaly
proper and sustainable handling, transportation and disposa of the mercury stocks.

Mercury Stock M anagement

Mercury mining in Spain produces about 1,000 tons of mercury per year, manly for export. No European
policy deding with the primary and secondary flows of mercury exists up to now.
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The presentation will focus on the flow of mercury in the Netherlands, including recycling of mercury-
containing waste to technica grade mercury. Experiences with two chlor-alkdi production plants in the
Netherlands phasing out their mercury cell process will be presented.

The actual Stuation of the mercury stocksin Europe will be presented withsome preiminary policy options.

Sub-Seabed Emplacement: Long-Term Ultimate Disposition of
Mercury Wastes

Leo S. Gomez, Ph.D.
Sandia National Laboratories
P.O. Box 5800, MS-0779
Albuquerque, NM 87185
Phone: (505)284-3959, Fax: (505)844-2348
|sgomez@sandia.gov

Leo S. Gomez, Ph.D.
Dr. Gomez hasworked innuclear waste management at Sandia National L aboratoriesinAlbuquerque, New
Mexico snce 1977. He has been the biologica research project manager for four oceandisposal projects
and works in the Performance Assessment Department for the Waste Isolation Pilot Plant, atransuranic
waste repository in southeastern New Mexico. Before going to Sandia, Dr. Gomez worked on a cancer
therapy project at L os Alamos National L aboratory inNew Mexico, and worked ona project to detect low
levels of transuranic eementsin workers a Oak Ridge Nationd Laboratory in Tennessee.

Dr. Gomez has served as a U.S. representative on three international ocean pollution commissons. He is
aso an editor of the multinationd journd, Radioactive Waste Management and Environmental
Restoration. Inadditionto hiswork innuclear waste management, Dr. Gomez hasworked withthe Indtitute
of Public Policy at the University of New Mexico invegtigaing the public’s perceptions of risk of nuclear
technologies. He has adso been involved with Sandia’ s educational outreach activities from kindergarten
through the college levd.

Leo Gomez earned a Ph.D. in Radiation Biology a Colorado State Univerdity in 1973.

Emplacement of Mercury Wastesin the Sediments of the Deep-Ocean?

The primary god of the U.S. Subseabed Disposa Project (SDP) was to assess the technical and
environmenta feasibility of disposing of high-level nuclear wastesin degp-sea sediments. Subsesbed
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disposd, likeother geological disposa options, was amultibarrier concept that studied the feasbility of burid
of solidified and packaged high-level nuclear waste or spent nuclear fud in high-integrity canisters, tens of
meters within the stable geologic formations of the deep-ocean floor. These deep-ocean floor geologic
formations are some of the most stable and predictable on earth.  In the subseabed concept the multiple
barriers of the waste form, the canigter, the clay sediments, and the ocean waters were predicted to delay
migration of radionuclides until they decayed to innocuous levels.

The SDP was comprised of the following task groups. Site Assessment, Engineering Studies, Near Field,
Sediment Barrier, Physica Oceanography, Biologicad Oceanography, Radiologica Assessment, and Legd
and Inditutiond. The SDP research team developed biosphere transport models to predict the oceanic
trangport of radionuclides. Researchers aso developed the capability to determine and evauate the risks
associated both with normd disposal operations and with potential accidents. Safety assessments
contributed to evauation of the feashility of the subseabed concept and helped focus required work to
answer the feasibility questions. Even though the SDP modes were developed to predict the transport of
radionuclides, they can be used to predict the biosphere transport of non-radioactive environmenta
pollutants, such as mercury products and other toxic metals. Many of these pollutants cannot be destroyed
or broken down through treatment or environmental degradation, and through physicad, chemical, or
biologica processeswill ultimately be deposited in the oceans.

Case Study of a Pilot Scale System for Removal of Organic Mercury
from Pharmaceutical Wastewater

Patrick J. Cyr
Advanced Geoservices Corp.
Chadds Ford Business Campus
Routes 202 and 1, Bradywine One, Suite 202
Chadds Ford, PA 19317
Phone: (888)824-3992, Fax: (610)558-2620

Funded by:
Wyeth Ayerst Pharmaceutica Company and the
Indtitute for Environmental Engineering Research, Villanova University

Patrick J. Cyr
Mr. Cyr has worked in the environmenta industry since 1995, practicing environmentd, civil, and
geotechnica engineering. He has served as project/resident engineer for landfill congtruction projects and
remediation of wetlands. His experience in the environmentd field includes remova of contaminants from
wastewater, compiling and evauating data from contaminated sites, avil design, and management of awater
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qudity database. He has conducted |ab testing of samplesinan environmenta and geotechnical |aboratory.
He a0 has experience in design, condruction, and testing of pilot plants.

Mr. Cyr earned his Masters degree in Civil/Environmental  Engineering (1999) from Villanova
Universty, and his Bachdlor of Science degree in Civil Enginering (1996) from Worcester Polytechnic
Indtitute.

Case Study of a Pilot Scale System for Removal of Organic Mercury
from Pharmaceutical Wastewater

Mercury discharged to the environment puts the public heath and the environment at risk for toxic effects.
Organic mercury asthimerosa (abenzene mercury sodium salt: CoHgHgO,SNa) is used as an antiseptic and
preservative intopica medicines, cosmetics, and vaccines. Hospital's use thimerosal for standard lab tests,
such as dbumin, herpes, hepatitis, and HIV, etc. Thimerosal and trace amounts of Hg?* are present in
wastewater from the manufacture of certain pharmaceutical drugs and quality andyss/control procedures.
The scope of this sudy was to examine the technical feasbility of usng adsorptiontechnology for removing
thimerosa and inorganic mercury from a pharmaceutical wastewater. Several adsorbents were selected
based onther physica and chemica properties and their adsorption afinity for mercury. Batchisothermand
column studies were conducted to determine the most suitable adsorbent for remova of mercury. Results
showed that F-400 GAC provided the best results for the removal of thimerosa and Hg?*. A pilot plant was
designed, constructed, and tested successfully for treatment of wastewater from a pharmaceutica
manufacturing fadility.

SAMMS Technology

Nick Lombardo ShasV. Mattigod

Pacific NW Nationa Laboratory Pecific Northwest Nationa Laboratory

PO Box 999 PO Box 999

Richland, WA 99352 Richland, WA 99352

Phone: (509)375-3644 Phone: (509)376-4311, Fax: (509)376-5368
nj.lombardo@pnl.gov shas.mattigold@pnl.gov

Self-Assembled Monolayers on Mesoporous Materials (SAMMYS):
A Novel Adsorbent for Mercury Removal from Waste Streams

A new class of hybrid mesoporous materids has been developed at the Pacific Northwest Nationd
L aboratory for removing toxic heavy metds such as mercury fromagueous and nonaqueous waste streams.
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The basis of these novel adsorbent materids are organized monolayers of functiona molecules covaently
bound to asliceous mesoporous support. The mesoporous supports are synthesized using surfactant liquid
crysdline templates. The resulting mesoporous materids have high surface areas and ordered porosity in
the nanometer Sze range. Functiona molecules capable of sdectively binding of mercury (thiol groups) are
covdently attached to the mesoporous substrates as densaly populated monolayers. Mercury adsorption
data obtained over aneight order range equilibrium concentrations indi cated that thiol-SAMMS can achieve
Hg loading ashighas ~635 mg/g. The high affinity for Hg adsorption by this materid was reflected by K
vaues as high as 1x10° ml/g. The data aso showed that mercury adsorption by thiol-SAMMS was not
affected by the initid form of Hg (nitrate, chloride, and methylated) in solution. A study of mercury
adsorption kinetics indicated that thiol-SAMMS bound Hg rapidly (about 99.9% adsorption occurring
within firgt five minutes). Tests showed that neither the pH (2 to 10) or the ionic strength (0.01 to 4M) of
smulated waste solutions did not significantly affect the mercury adsorption capacity of thiol-SAMMS.
Waste sreams containing Hg also typically contain many other cations (Ca, Cd, Cu(l1), Fe(l1), Ni, Pb, and
Zn) and complexing anions (Cl, CN, CO,, SO,, and PO,). Tests were conducted to examine the
competitive adsorption effects of these cations, and the complexation effects of anions on Hg adsorption.
The reaults indicated that the mercury adsorption capacity of thiol-SAMMS was not impaired by the
presence of these cations and anions that would be present indifferent types of waste solutions. The reason
for this noncompetitiveness of other cations appearsto be due to preferentid binding of a softer cation (Hg)
by thiol functiond groups. These adsorption characteristics show that thiol-SAMM Sisaversatile and cost-
effective materia for removing, recovering, and recycling Hg from various types of waste streams.

Mercury Collection Programs in Sweden

Kriginavon Ren
Principa Technicd Officer
Section for Chemicas Control
Swedish Environmenta Protection Agency
S-106 48 Stockholm, Sweden
Tel:+46(0)8-6981127, Fax:+46(0)8-6981222
Kristina.von-rein@environ.se

Kristina von Rein
Ms. von Rein has been withthe Swedish Environmenta Protection Agency since 1990, and is the project
leader for the Govermenta Assgnment that includes bothanAction Programme for more efficent collection
of used goods and products containing mercury and preparation of a proposa for find disposal in Sweden
of mercury-containing waste.

Ms. von Rein hasaM.S. degree in chemicd engineering.
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Mercury Collection Programsin Sweden
Phase-out of mercury
Severd years ago Sweden decided that the use of mercury should eventudly cease dtogether, the target
year being 2000. A mercury phase-out means that it is firdly the input of new mercury to society thet is
reduced. Still, large quantitiesof mercury are present ingoods and products dill inuse. It has been estimated
that in Sweden done (8 million people) there are hundreds of tonnes of mercury incirculation in products.
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Action Programme for the collection of mercury

The Swedish EPA was engaged in an Action Programme (1994 - 1999) as instructed by the government
in order to improve the efficiency of mercury collection. The Swedish state had alocated about 20 million
SEK for this purpose. The SEPA hasgivenaid to 49 projectsaswdl as carried out severa projectsof ther
own.

The SEPA programme has focussed on increasing the collection of hidden mercury in the form of:

. clinicd thermometers containing mercury,

. mercury in technica goods and products,

. metallic mercury on shelves and in storage rooms, and
. “historic” mercury (in sinks, floor drains, tubes, etc.).

Many efforts undertaken in the action programme have been amed at mercury inventory, on one hand
identification and labelling of mercury in use and on the other hand collection of worn out mercury and
discarded goods and products containing mercury.

A total of 10— 11 tonnes of mercury has been identified, 6 — 7 of which have been collected and 3,54
tonnes have been labelled.

New ways of finding and collecting mercury

In different regions in Sweden, specidly trained dectricians, so-caled mercury detectives, were visting
companies, loca businesses, municipa sewerages to identify and collect or label mercury- containing
products. Also, some projectsinvolved tracing mercury withthe world’ sfirst mercury dogs, Froy and Ville
The dogs have been searching for mercury in schools and a universties, finding mercury while saving both
time and money. Several tonnes of mecury have been found this way. Swedish municipdities and county
adminigrative boards have participated in dl projects.
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Phase-Out of Mercury-Containing Products

Folke Dorgdo
Internal postal code 655
Directorate-Generd for Environmenta Protection
Minigtry of Housing, Spatid Planning and the Environment

P.O. Box 30 945

2500 GX THE HAGUE
The Netherlands

Phone: + 31 70 339 4908, Fax: + 31 70 339 1297
Folke.Dorgelo@DSVS.DGM.minvrom.nl

Folke Dorgelo

Mr. Dorgdlo'srole at the Minisiry of Housing, Spatia Planning, and the Environment encompasses heavy
metals policy, negotiations with the metd industry in The Netherlands— especidly concerning the reduction
of corrosion and run-off of copper, znc and lead used for congruction and building; recycling of plagtics
and packaging (waste) containing heavy metals, risk evauaion and risk management of metas (lead,
mercury, cadmium, copper, zinc, chromium, nickel, bismuth, tin) and

PNAs, and chemicas risk reduction programme of the OECD, Environmenta Health and Safety Division
(lead, mercury and cadmium). Mr. Dorgelo aso participatesin the European Commission DG Enterprise
working group (chemicas, plastics and rubber) on the ‘limitations on marketing and use of dangerous
substances and preparations’ ( Directive 76/769/EEC).

Mr. Dorgelo earned his M.S. in Biochemigtry (1974) from the State University of Leiden, has a Teaching
Degreein Chemistry and is aregistered toxicologist (Dutch Society for Toxicology).

Phase Out of Mercury-Containing Productsin the Netherlands

The pollution by mercury in the Netherlands is largdy caused by mercury-containing products. Closer
examination of the Dutchflow of mercury into soil showsthat in 1990 over 40% of the flow originated from
mercury-containing products. For surface water, a Smilar percentage comes from mercury-containing
products and for sawage dudge over 80% originated from mercury-containing products. This shows that
taking product-oriented measures makes areevant contributionto the reduction in mercury emissons and
in addition to the qudity of sewage dudge. To determine which products contain mercury and which
dternatives are available, an inventory research was carried out.

The data from this research partly forms the basis for the Dutch ‘ Decree on products containing mercury
1998'. The useof mercury in the Netherlands was estimated at 12.5 tonnes in 1994. Approximately 45%
of this can be accounted for by the use of amagam in dental surgeries. Since 1991, emissions into the
environment have been greatly reduced by the use of specid amagam separators. Approximately 40% is
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used invarious measuring instruments, e ectro-technical productsand inlighting. The remaining 15% isused
in batteries, chemicas, pharmaceutica preparations and inthe chlor-alkali industry (mercury cell process).

The Decree is intended to achieve the mercury emission reduction objective. Through a ban on the
manufacture of and trade in products containing mercury where dternatives are available, the supply of
mercury within the economic circuit will be reduced by approximately 35%, or 4.3 tonnes per year. This
relatesto products such as measuring indruments and e ectro-technical products. Asaresult of the Decree,
mercury emissons will gradualy decrease, because it will take afew years before dl the products containing
mercury which areinuseare replaced by mercury-free dternatives. Starting fromthe Dutch emission levels
in 1990, the emissioninto sewage dudge, soil and water will decrease by 30%, 20% and 15% respectively.
Exiding facilities are used for the safe digposal of mercury-containing products.

Demonstration of Mercury Treatment Technologies

to Meet DOE Customer Needs
Greg Hulet
Mixed Waste Focus Area
Bechtd BWXT, LLC
Idaho Nationa Engineering and Environmental Laboratory
P.O. Box 1625 MS 3875
Idaho Falls, ID 83415-3875
Phone: (208) 526-0283, Fax: (208) 526-1061
Hag@inel.gov

Greg Hulet

Mr. Hulet is the work package manager for the Unique Waste Work Package, which includes DOE's
mercury mixed wastes. As such, he coordinates research, development, and technology deployment
activitiesto ensurethat dl the wastesinthe Unique category have a path for trestment and disposal. Hehas
a Magters Degree in Chemica Engineering and ten years experience in waste management and pollution
prevention. He aso has consderable experience with Nava Nuclear Propulsion Plants. He has been a
scoutmagter for 15 years, which, after watching scouts cook for that long, has made himan expert inunique
hazardous wastes.

DOE Mercury Waste Treatment Demonstrations

Mercury hasbeenused in Department of Energy (DOE) operations in a variety of applications. It has been
used as a catdyst in nuclear fuel reprocessing, as shielding, and as a component of isotope separation
processes. It is dill being used in a number of fadlities Because of its widespread use, mercury
contamination can be found a most DOE facilities. Efforts to clean up, treat and dispose the associated
wastes are underway. However, for some DOE mercury wastes, urtil recently, no trestment processeswere
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avalable that had been demonstrated to be safe and effective inaradioactive environment. The DOE Mixed
Waste Focus Area(MWFA) hasbeen supporting research, development, demonstrations, and technology
deployments to ensure that dl mercury-contaminated waste can be safely treated and disposed. These
activitieshave beendivided into three main areas. anadgamation, sabilization, and separation. Subcategories
of separation include remova of mercury fromwater, extractionfrom solid matrices, and gaseous emission
control.

DOE supported the demonstrationof two commercid mercury ama gamation processes. Both successfully
amagamated radioactive waste dementa mercury from DOE stes. The find waste forms met the Land
Disposa Redtriction for mercury, O.2 ppm by Toxic Leach Characteristic Procedure (TCLP). Vapor
pressure data for the waste forms are available.

The MWFA coordinated several commercia demongrations for stabilization of mercury mixed wastewith
<260 ppm mercury. Allied Technology Group (ATG), Nuclear Fuel Services (NFS), and Internationa
Technologies (1T) performed bench-scale studies usang surrogate waste with severd species of mercury.
ATG, NFS, and GTS Duratek demonstrated their respective processes on actua waste. In dl casesthe
gabilized mercury met LDR limits. Reports covering each of these studies are available from the MWFA.
Demondrations are presently underway to treat >260 ppm mercury waste from Brookhaven National
Laboratory (BNL). Sepradyne/Raduce isusngther vacuumthermal desorptionunit to extract mercury from
the waste, while ATG, NFS, and BNL are using stabilization processes to treat the materia. DOE is
working closaly with EPA on this project to acquire data that may support a change in the regulations for
trestment of >260 ppm mercury-contaminated soils and dudges. BNL isthe only group to have completed
testing.

The DOE program for development of a process to extract mercury from solid matrices by non-thermal
means s currently on hold because of funding cutbacks. The Polymer Filtration process dissolves mercury
in shredded matrices and separates it from the solution using a complexing polymer. The processis ready
for pilot-scale demondtration.

Oak Ridge conducted comparisontests of mercury sorbents on mercury-contaminated stream water from
their East Fork Poplar Creek. ADA Technologies also tested their mercury sorbent process on the creek
water with good results. Reports are available that summarize these two projects.

The MWFA is invedigating continuous emission monitors for mercury but units are not available yet for
commercid deployment. ADA has made progressin this area and in the area of sorption of mercury from
gas streams.

Budget reductions have impacted work onthe DOE mercury problems. Hopefully, funding will be available
in fiscd year 2001 to bring the work to fruition.
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Return and Recycling of Used High Intensity Bulbs for Recycling
and Closed-loop Mercury Control

Lester Gress and Jeff Lord
Cleveland Huid Systems Co.
PO Box 41070
Clevdand, OH 4414
Phone: (440)526-7070, Fax: (440)526-0770
|gress@aol.com

Return and Recycling of Used High Intensity Bulbsfor Recycling and
Closed-loop Mercury Contral

Mercury is recognized as a highly toxic materia and is stringently regulated in waste discharges. The
majority of these discharges contain mercury inlow concentrations limiting the control and recovery options.
Wastes from a variety of indudries generate wastewater containing resdua mercury, including: lighting,
medical, photographic, chloralkai, electronics and power generation.

The lighting industry has begun to address control and the reuse of mercury while they aretrying to find
subgtitute materids that adjust the eectrical characteristics for the discharge lamp.  One company has
indtituted a return of used highintensity lamps and the recovery of mercury from them. This program helps
prevent mercury fromentering into the eco-system. Some of the used and crushed glassiswashed toinsure
the complete remova of mercury.

Typical trestment of wastewater requires multi-step processing ending in polishing steps that scavenge or
trap resdua mercury. These processing schemes result in added treatment costs and generate hazardous
waste. A closed-loop mercury control/recovery system can reduce these treatment and disposal costs. The
technol ogy under devel opment provides ameans of accumulating suffident mercury thet recoveryispossible
and, at the same time, alowsthe minimization of the process wastewater by operatinginarecirculating loop.
Mercury is converted to itsionic form in-situ by chemica oxidation to improve solubility and isrecovered
dectrolyticaly. The recovered mercury isrdatively pure depending on the other contaminants present and
potentialy requires little additiond processing before reuse.
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Mercury Amalgamation Demos With the DOE

Clifton Brown
ADA Technologies, Inc.
8100 Shaffer Parkway, Suite 130
Littleton, CO 80127-4107
Phone: (303)792-5615, Fax: (303)792-5633
cliff.borown@adatech.com

Clifton Brown
Mr. Brown is currently the Vice President of Operations for ADA Technologies, Inc. -- a Denver-based
technology R& D firm. Mr. Brown has 23 years of experience at Oak Ridge Nationa Laboratory managing
and performing R&D related to reactor fue processing, coa conversion, and environmental processes.

Mr. BrownhasB.S. and M.S. degreesin Chemica Enginering. Mr. Brownisaso aProfessiona Engineer.

Recent Advancesin Mercury Stabilization Technology

Sincethe early 1950s, mercury has been widely used throughout the DOE wegpons complex. The legacy
iscontaminated solid waste, soils, and water. The man holders of mercury-contaminated waste are the Oak
Ridge Reservation, the Idaho Nationa Enginearing and Environmenta Laboratory, and the Savannah River
Site.

Nationdly, the largest categories of mercury-bearing wastes are dudges, soil, and debris. The Environmenta
Protection Agency subdivided mercury-contaminated solid wastes into three subcategories.

. Radioactively contaminated dementa mercury — trestment is ama gameation
. Low-mercury subcategory — treatment is stabilization
. High-mercury subcategory — treetment istherma retort, followed by ama gamationif the recovered

mercury is radioactively contaminated
ADA Technologies, Inc., has demonstrated and filed a patent for a process to handle radioactive el ementd

mercury. In recent sudiesthisinitid work has been extended to soil matrices that are contaminated with
greater than 260 ppm mercury. Resultsderived fromboth of these sudies will be presented and discussed.
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Deployment of the Sulfur Polymerization and Stabilization Process
as Applied to Mercury Contamination in Soils

Paul Kab Trevor Jackson
Brookhaven National Laboratory EnviroCare Utah, Inc.
Environmentd and Waste Management Group 46 West Broadway, Suite 116
34 Railroad St., Bldg. 830, P.O. Box 5000 SAt Lake City, UT 8410
Upton, NY 11973-5000 Phone: (801) 532-1330, Fax: (801) 532-7512
Phone: (631)344-7644 tjackson@envirocar eutah.com
kalb@bnl.gov
Paul Kalb

Paul Kalb isa Senior Research Engineer a Brookhaven Nationd Laboratory. He hasabachelor'sdegree
in mechanica engineering from the State University of NY a Binghamton and a master'sdegree in nuclear
enginegring from Polytechnic Ingtitute of NY. Paul has been employed at BNL for 20 years and has
concentrated hiseffortsinthe areasof hazardous/radi oactive waste management, environmenta restoration,
and hedlth and safety aspects of emerging energy technologies. Current respongbilities include Principa
Investigator for programs on D& D and waste form development for DOE and industry. Hehasserved as
amember of severa nationa technica support groups on Find Waste Forms for DOE and EPA, recently
currently chaired ateamthat wrotea WA STECH volume on Stabilization/Solidification, is a member of the
Program Advisory Committee for Waste Management Symposia, Inc., and has numerous patents and
publications in the area of waste trestment and encapsulation.

Trevor Jackson

Dr. Jackson received his Ph.D. in Mechanicd Engineering from Oklahoma State University in 1983. He
spent two yearsasan Assgtant Professor at the University of Maryland then progressed into industry. He
was the dte engineer at the solar energy plants located in the Mojave desert of Southern Cdlifornia,
responsble for upgrades of exising plants. In 1988 he joined Science Applications Internationa
Corporation(SAIC) inSan Diego providing assstance to the EPA inevduating innovative technologiesfor
the trestment of hazardous waste inthe Superfund Innovative Technology Evaluation Program (SITE). He
was Project Manager for the evauation of many different technologies ranging from novel incinerators to
bioremediation. 1n 1998 Dr. Jackson joined Envirocare of Utah, Inc., as Technology Development
Manager. Inthisroleheisrespongblefor reviewing and implementing treetment technologiesfor mixed low
level waste at the Envirocare TSD facility in Utah. Dr. Jackson aso upgrades performance of the existing
gabilization, micro-, and macroencapsulation technologies.
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Treatment of Elemental Mercury and Mercury Contaminated Soil and Debris by the Sulfur
Polymer Stabilization/Solidification Process

Elementa mercury contaminated with radionuclides (mixed waste mercury) and mixed waste mercury-
contaminated soil and debris, is a problem throughout the Department of Energy (DOE) complex. This
presentation describes an innovative process developed at Brookhaven Nationa Laboratory (BNL) and
currently being commercidized a Envirocare of Utah, Inc., to immobilize mixed waste eemental mercury
and mercury-contaminated soils and debris.  The product is a monolithic solid waste form that is
non-disperable, will meet current and newly adopted EPA |eaching criteria, and has low mercury vapor
pressure. The BNL Sulfur Polymer Stabilization/Solidification (SPSS) process (patent pending) is atwo-
stage process that chemicdly reacts with mercury to form a product of low solubility and vapor pressure
and then solidifiesthe product in asolid matrix to further reduce leachability and dispersion of contaminants.
Waste forms containing as much as 33 wt% elemental mercury and as much as 60 wt% mercury-
contaminated soil were formulated which successfully passed current Environmental Protection Agency
Toxicity Characterigtic Leaching Procedure (TCLP) criteria as wdl as the more dringent Universal
Trestment Standard criteria that has been approved. In addition, the find waste form products exhibit
extremely low leachability when subjected to long-termleaching, and significantly reduced vapor pressure
compared with untreated mercury. Bench and pilot-scale development at BNL is complete and plans for
commercid deployment at Envirocare sCliveUT mixedwastetrestment facility are underway. The process
may a sobeappliedfor direct and Smple treetment of hazardous mercury streams as-generated or produced
as secondary wastes from mercury separation technologies.

Commercializing a Safer Substitute for Mercury

James D. Rancourt, Ph.D.
NewMerc, Ltd
1872 Pratt Drive (MS 1260)
Blacksburg, VA 24060
Phone: (540) 951-2500, Fax: (540) 961-5778
info@newmerc.com
http: //www.newmer c.com

James Rancourt, Ph.D.
Dr. James Rancourt obtained an undergraduate degree in Chemidry a the Univergty of Lowell in
Massachusetts. He earned a doctorate in chemidry, with an emphads on andyss and preparation of
dectricdly conductive plagtics, from Virginia Tech. In 1987, Dr. Rancourt founded Polymer Solutions
Incorporated, a company that provides innovative technicd solutionsto polymer and materias programs.
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Dr. Rancourt led a research team to develop dternative materids for the mercury metal that is used in
electrica switchapplications, in1992, at the request of the Virginia State Government. Dr. Rancourt’ steam
now has four internationa patents and commercia products. He is the President of NewMerc, Ltd., a
company devoted to producing rdiable dternative materids to mercury meta for industrid and government
aoplications.

Commercializing a Safer Substitute for Mercury

Mercury metd isafundamental chemicad dement that has unusud properties: volatile, eectricaly conductive,
reflective and liquid to low temperatures. Unfortunately, mercury metd, when handled or disposed of
improperly, poses environmental and hedth risks. It is becoming increesingly important that mercury be
replace in industrid gpplications with a less toxic and reliable materid. NewMerc, Ltd., has an exclusve,
al-fidds worldwide license to technology that offers a safe replacement for mercury in many gpplications.

This presentation will provide a brief description of the impetus for the nonmercury aloy development
project, the research approach that was taken and the raionae for the technical solution that has been
developed. The presentation will provide information about the compostion of the dloy, its method of
preparation and application aress. In addition, the properties of the NewMerc dloy, its MSDS sheet and
questions remaining for the full-scae implementation of the patented materia will be provided. A brief
overview of the company structure will aso be provided.

The Business of Mercury Pollution Prevention: Identifying Source
Reduction Opportunities and Engineering Trade-Offs

Kenneth R. Stone
National Risk Management Research Laboratory
U.S. Environmentd Protection Agency
26 W. Martin Luther King Drive
Cincinnati, Ohio 45268
Phone: (513) 569-7474, Fax: (513) 569-7111
stone.kenneth@epa.gov

Kenneth R. Sione
K enneth Stone isthe Engineering Trade-Offs Team L eader for EPA’ sNationa Risk Management Research
Laboratory, based in Cincinnati, Ohio. Ken has been with the EPA for 18 yearsand hasworked primarily
in pollution prevention research with an emphads on federd facilities and operations. Ken founded and
managed the Life Cycle Engineering and Design Program, a cooperative venture with DoD to gpply Life
Cycdle Engineering and pollution prevention methodology to industria
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systems. Ken’ steamis conducted researchto advance the state of the practice of LCE and has completed
severd LCE case higtories on both public and private products and operations.

The Business of Mercury Pollution Prevention: I dentifying Source
Reduction Opportunities and Engineering Trade-Offs

Thedemand for mercury inthe United Statesis dill growing or declining only dightly inanumber of industria
sectors. Theseindudedectric lighting, €ectronic equipment, wiringdevices and switches, measurement and
control instruments, dental equipment and supplies, laboratory uses, and medical uses. About 190 tons of
mercury were used by these sectorsin 1997. While EPA is pursuing anumber of voluntary initiativeswithin
theseindustries, informationon consumption, use, release and environmenta impact is poor. Therefore, an
asessment is underway to collect the data needed to identify the potentia for source reduction across
industry sectors. This assessment will determine in whichareas emissons are large and difficult to measure.
This assessment will incorporate collaborative activities with indudtry, including providing sysems andysis
tools such as Life Cyce Engineering (LCE) and Enginearing Trade-Offs (ETO) to hep industry determine
the economic, energy, and environmental costs and benefits of management options.

The National Risk Management Research Laboratory (NRMRL) has initiated a Pollution Prevention
Prioritization Assessment (P2PA), based on evauationof the potential for source reduction of mercury use
in the consumer sector, to identify mgor needs and opportunitiesfor reduced use and releases. The P2PA
will guide the development of at |east two evauations of pollution prevention approaches for mercury using
life cycle andysis, and determine the reduction in adverse environmenta impacts. The P2PA will aso guide
the selection of sector activities for evaluation of engineering trade-offs and input/output modeling.

ORD will useresearchinnovative and emerging technologiesfor reducing relianceon mercury and mercury-
containing products in these indudtries. This investigation will focus on source reduction opportunities. A
compendium of technologies and technica solutions will be developed in order to inform the next step of
the plan, prioritization.
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A PBT Technology Information Clearinghouse

Frederic H. K. Booth Kay Van der Horst
Wadte Policy Inditute AssociateDirector, Environmenta Security Programs
12850 Middlebrook Rd., Suite 250 Wadte Policy Indtitute
Germantown, MD 20874-5244 12850 Middlebrook Road, Ste. 250
Phone: (301) 528-1909, Fax: (301) 528-1970 Germantown, MD 20874-5244
fred_booth@gt.wpi.org Phone: (301) 528 - 1923, Fax: (301) 528 - 1971

Kvanderh@clark.net or Kay vdh@agt.wpi.org

Frederic H. K. Booth

Mr. Fred Boothisthe senior economist at WPl and hasmorethan 25 years experienceinleading economic,
energy and environmenta andysis programs. His experienceindudes andyses and optimization of energy,
economic, and environmenta system interactions, development of globa climate change decision support
tools and programs, development of environmenta information sysems architectures, sysems anays's of
locd, regiond, and nationd energy policy/regulatory issues; dternative fuds and eectric utility demand
forecadting; and technology diffuson analyses of advanced energy technologies. He has experience in
evauaing the economic implications of proposed amendmentsto both RCRA and CERCLA.. Additiondly,
his experienceindudes environmenta technology cost analysis model devel opment, econometric analyses,
comparative and parametric life cyde cost modding, innovaive environmentd technology cost-benefit
andyses, and evduation/demand forecasting for emerging technologies, particularly in energy and
environmenta markets.

Kay Van der Horst
Mr. Van der Horgt is the Associate Director for Environmenta Security Programs for WP, aVirginia
Tech owned not-for-profit organization. Heis a gpecidist on domestic and internationd environmenta
Security concerns with a particular emphasis on stakeholder involvement and risk communication.
Currently, heis co-leading for WPI the development of EPA’s new “PBT Information, Communication
and Decison Support Clearinghouss. His responghilities also include the development and
implementation of Stakeholder Communication, Risk Communication, Training and Community
Outreach Programs. Other programmiatic areas focus on the development on risk management response
and systems engineering. Prior to WPl Mr. van
der Horst has worked in various capacities on environmenta security issues for the University of
Alaska—-Farbanks, Texas A&M Universty and various internationd ingtitutions such as the United
Nations and the European Parliament.

The EPA PBT Information and Communications Clearinghouse

Many EPA Officesindividudly address Perastent Bioaccumulative Toxics (PBTS) invarying contexts. The
basc god of the PBT Initiative isto identify and reduce risks to human hedth and the environment from
current and futureexposures to priority PBT pollutants and address them in an integrated manner. Implicit
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inachieving EPA’ sobjectivesinthe PBT initidtiveiseffective, efficient, and focused information management
in the context of PBT technica data, scientific data, and communications/outreach efforts. This presentation
addresses the key aspects of developing and implementing an EPA/OPPT PBT Information and
Communications Clearinghouse. This concept evolved from discussions with representatives of the various
EPA Offices and programs represented on the Mercury Task Force.

The structural gpproach contemplated inthe Clearinghouseis straightforward: Devel op generic information
management structures and drategies that are sufficiently flexible such that they can be adapted to
accommodate potentialy unique informationa dimensions of any PBT, yet are consistent, comparable, and
robust. Key features of this approach indude: creating processes that support information flowsinto and
fromthe Clearinghouse, and providing on-going opportunitiesfor stakehol der informationinputsinadynamic
information management environment. This approachdirectly contributesto ensuring cost effectivenessvia
economies of scae in managing multiple PBT data sets, and enhances the ability of the Clearinghouse to
transparently provide user interfaces to smilar information management activitiesat other federa agencies,
universities, and research organizations.

The activities conducted in assessing the aspects of developing and implementing an EPA/OPPT PBT
Information and Communications Clearinghouse will include:

. Defining the specific mission, objectives, and god(s) of the PBT Clearinghouse;

. Defining/characterizing dternative PBT Information Clearinghouse structural approaches and the
relative srengths and limitations of each structurd dternative;

. Identifying preliminary opportunities for programmatic leverage;
. | dentifying/characterizing the benefits of the PBT Clearinghouse;
. | dentifying/characterizing existing information management activities that could elther contributeto,

or be consdered competitive with, the OPPT PBT Clearinghouse;

. Identifying/characterizing the specific PBT Clearinghouse pre-implementation activities that will
contribute to a successful, cogt-effective, highly functiond PBT Clearinghouse;

. Defining/characterizing stakehol der audiences (and their needs) for the mercury module of the PBT
Clearinghouse;

. Identifying criticd PBT Clearinghouse Qudity Assuranceissues, induding informationconsstency,
comparability, data validation and verification, and systems configuration;

. I dentify internationa mercury information activities, including DOE/FETC, UAF, UNEP, AMAP,
and the European Union; and
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. Congderation of risks (technicd, information management, performance, schedule) inherent in
developing and implementing an activity such asthe PBT Clearinghouse.
The EPA PBT Industry Technology Market Forum

Implicit in achieving the objectives of the EPA PBT initiative s guiding principlesis the effective, efficient,
and focused management of PBT information, sdentific data, and communications/outreach efforts. These
guiding principlesincdude:

- Addressing problems on multimedia bases through integrated use of al EPA tools;
- Coordinating with and building on rlevant internationd efforts;

- Coordinating with and building on relevant federa programs and agencies,

- Stressing cost-effectiveness (amount of PBT removed per dollar spent);

- Involving stakeholders,

- Emphasizing innovative technologies and pollution prevention;

- Protecting vulnerable sub-populations;

- Basing decisions on sound science; and

- Using measurabl e objectives and assess performance.

The subject of this presentationis assessng the key aspects of devel oping and implementing an EPA/OPPT
PBT dynamic, stakeholder driven EPA/Industry Technology Market forum that isanintegra eement of an
OPPT/PBT Information and Communications Clearinghouse whichwill directly contribute to implementing
the guiding principles of the PBT Initiative. The EPA/Industry Technology Market Forum:

»  Provides Regulatory Compliance Incentives for Industry by Providing Cost Savings Opportunities,

» Eases Regulatory Compliance Support by Providing Industry With Higher Production Efficiency
Opportunities;

» CreatesaMarketplace for Intercomparable/V erifiable Innovative Technologies,

» Fosters Development of Innovative Technology Developments by Expanding Hidden Technology
Vishility; and

* Fogers Globa Environmenta Technology Improvement and Exchange,

Theinitid focus of the EPA Environmenta Technology Market Forumwill be mercury-related information,
communications products and services. Though initidly driven by amercury focus, the EPA Environmentd
Technology Market Forum will bedesignedto accommodate alarger environmenta technology market that
addresses technology needs of all other PBTs.

WPI currently also supports the Department of Energy-National Energy Technology Laboratory (DOE-
NETL) inthe design, development and implementationof its Decision Support Center. The firg information
module in the Center focuses on DOE’s coal combustion-based mercury data collection and andyss
program. The NETL effort isadso ggnificantly driven by providing comparable technology solutions and
information. This project represents both a unique opportunity for OPPT and the Mercury Task Force to
apply red-time lessons learned fromthe NETL program, and additiondly, leverage EPA and DOE mercury

57



program funds to improve the overdl programmatic returnoninvestment. M ost sgnificantly, the successful
cregtion and implementationof the Environmenta Technology Market Forum, in conjunction with the PBT
Clearinghouse concept, represents the first of an on-going series of opportunities to leverage limited EPA
resources.

Mercury Stabilization in Chemically Bonded Phosphate Ceramics

Arun S. Wagh, Ph.D.
Ceramigt, Energy Technology Divison
Argonne Nationd Laboratory
9700 S. Cass Avenue
Argonne, IL 60439
Phone: (630)252 4295/5741, Fax: (630)252 3604
wagh@anl.gov

Arun S Wagh
Dr. Wagh isworking as a materia's research engineer at Argonne National Laboratory and hasaPh.D. in
physics. His expertise includes radioactive waste management, mineral waste management, and structural
ceramics.

With his colleagues who are co-authors of this presentation, he developed chemically bonded phosphate
ceramic program for radioactive and hazardous waste stabilization at Argonne National Laboratory,
pioneered researchon bauxitetailings (high volume residue fromauminarefineries), directed projectsrelated
to utilization of greenhouse CO2, and hot gas ceramic cross-flow filters at Argonne Nationa Laboratory,
and worked as conaultant to duminaindugtries, that include, ALCOA, ALCAN, and Virginldand Alumina
Co.

Dr. Wagh was a recipient of the R& D-100 Award given by R&D Magazine in 1996 for 'Ceramicrete
Binder', and the Pace Setter award by Argonne Nationd Laboratory in 1997.

Mercury Stabilization in Chemically Bonded Phosphate Ceramics*

Mercury stabilizationand solidificationis one of the chalengesfor the conventiond stabilizationtechnol ogies.
Thisis because of the sringent limits on leaching of its stabilized products that need to be enforced. Ina
conventiona cement stabilization process, Hg is converted to its hydroxide a high pH which is not avery
insoluble compound and hence sulfidation of Hg is considered to be a preferred route which convertsit into
aninsoluble cinnabar (HgS). Unfortunatdly, efficient formationof this compound ispH dependent. At ahigh
pH, one obtains more soluble sulfate of Hg, in a low pH range insufficient immohbilization results due to
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escape of hydrogensulfide, while efficient formation of HgS occurs only inamoderately acidic region. This
isthe region (pH = 4-8) inwhichstabilization usng Chemicaly Bonded Phosphate Ceramicsis carried out.

This presentationwill discuss this kinetics followed by our experience onbench stabilizationof various U.S.
Department of Energy (DOE) waste streams containing Hg in the Chemically Bonded Phosphate Ceramic
(CBPC) process. This process was developed to treat DOE’s mixed waste streams. It is a room-
temperature-setting process based onanaci d-basereacti onbetween magnesum oxide and monopotassum
phosphate solutionthat forms a dense ceramic withinhours. For Hg stabilization, addition of asmal amount
(<1 wt.%) of NepS or K2Sis aufficient in the binder compostion.

Herewediscuss the Toxicity Characteritic Leaching Procedure (TCLP) results on CBPC waste forms of
secondary waste streams generated from Hg-containing wastes such as combustion residues and Delphi
“DETOXSM” residues. The results show that though the current limit on leaching of Hg is 0.2 mg/l, the
resultsonthe CBPC wasteforms are at least an order lower thanthis sringent limit. This low leaching level
providesrobustnessto the process and dlows auffident marginfor the variability of Hg content inthe waste.
The efficient gabilization is atributed to chemica immobilizationof Hg as cinnabar followed by its physica
encgpsulation in adense matrix of the ceramic.

Usng this process, Argonne-West has diminated Hg-contaminated light bulbs from its inventory. These
bulbs were dightly contaminated radioactively and hence this was a typica mixed waste stream. This
presentation will provide a brief review on this work as anexample of disposa of Hg-contaminated actua
waste.

* Work supported by U.S. Department of Energy, Office of Technology Development. as a part of the

Mixed Waste Focus Area, under Contract W-31-109-Eng-38, and Delphi Research, Inc., of Albuquerque,
NM.
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Characterization and Leachability of Stabilized
Mercury-Containing Wastes

Linda Rieser
Academic Director
Accderated Life Testing and Environmental Research (ALTER) Fecility
University of Cincinnati
Cincinnati, OH
Phone: (513) 556-2060, Fax: (513) 556-3148
Irieser @uceng.uc.edu

Linda Rieser
Linda Rieser joined the Univeraty of Cincinnati in 1981. She served as Senior Research Associate from
1981 to 1991 and as Academic Director of UC's Accderated Life Testing and Environmental Research
(ALTER) Facility for the last 9 years. Her expertise includes the gpplication of experimenta methods to
problems invalving the solubility and mobility of hazardous and radioactive dements, the origin and
remediation waters and soil, and the treatment of hazardous and radioactive wastes.

Characterization and L eachability of Stabilized Mercury-Containing Wastes

EPA’sNational Risk Management Research Laboratory (NRMRL) in collaboration with the University of
Cincinnati established aresearch program supporting Agency actions on mercury; inparticular, the potentia
revisonsto the Land Disposal Restrictions for mercury-bearing wastes. Over the past year, research has
been conducted on the characterization and leachability of several mercury waste forms. Wastes studied
indude mercuric aulfide dudges from several chemicad plants, mercuric chloride catdyst used in the
manufacture of vinyl chloride, surrogete mercuric chlorideand eementa mercury wastes This presentation
describes characterization of the tabilized waste samples and analysis of leaching stability. The testing
includes TCLP andysis and congtant pH leaching tests to determine the potential mohbility and stability of
the mercury under smulated landfill conditions.

The work to be presented was performed by Paul Randal (EPA) and Paul Bishop, Haishan Piao, Renee
Rauche, Linda Rieser, Makram Suidan, and Jan Zhang (UC).
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Treatment of Wastes Contaminated with Mercury

Paul R. Lear, Ph.D.
IT Corporation
304 Directors Drive
Knoxville, TN 37923
Phone: (865) 694.7316, FAX: (865) 694.9573
plear @theitgroup.com

Paul R. Lear, Ph.D.

Dr. Lear has over 12 years experience in the trestment of hazardous waste with dewatering, soil washing
and gabilizationtreatment technologies. He has experiencein sdecting and evaduating treatment aternatives
and providing datafor preiminary design activitiesand project equipment specifications. He has conducted
research in the area of innovaive dabilization systems, including systems for the stabilization of organic
contaminants in hazardous wastestreams. Dr. Lear has dso conducted research into the siabilization of
metals, concentrating on arsenic, mercury, thalium, vanadium, antimony, and beryllium. He has extensve
experience in the gabilizationof hard-to-treat wastestreams, such as hazardous waste incinerator residues.
Dr. Lear has hands-on experience with full-scae remediation activities and specializes in process
troubleshooting. He has provided technica operational support to bioremediation, dewatering soil washing,
dabilization, thermal, and wastewater trestment activities at remedid Stes. He has aso managed severd
pilot- and field-scale technology demongtrations.

Treatment of Wastes Contaminated with Mercury

This presentati onwill focus onthetrestment of wastes contaminated withmercury. Four technologies (heavy
metds bioremediation, surface decontamination, stabilization, and therma desorption) gpplicable for the
trestment of mercury wastes will be discussed, along with data from sdlected case studies.

Heavy metals bioremediation involves the simulaion of naturaly occurring or augmented sulfur-reducing
bacteria. Thesebacteria produce sulfuric acid and reduce the pH of thewaste to bel ow 2. Leaching of water
through the waste removes the solubilized metas. The metas are then precipitated from the leach solution
and sent for metals recovery or disposa.

Surface decontamination combines physica and chemica remova of contaminationon the surface of debris
such as concrete, block, and scrap meta. Extraction solutions containing chelants or acids are applied to
the surfaces, dlowed to react, and collected. VVacuum techniques are often gpplied to remove the extraction
solution from semi-porous surfaces such asconcrete. Multiple extractions are oftenrequired, especialy on
Ssemi-porous surfaces.

Stahilization of mercury involves re-speciation of the mercury contamination to mercury aulfides. The
chemistry required for re-speciation depends onthe formof mercury in the waste. The solubility of mercury
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aulfidesis on the order of 10 mg/L. The mercury sulfides are then encapsulated in a cement matrix.

Thermd desorption involves the direct or indirect heating of the waste to voldtilize the mercury. The
temperature required for the voldilization depends on the form of mercury in the waste. The volatilized
mercury is then condensed in the air pollution control system for recovery or disposd.

Case higories invalve the application of therma desorption and stabilization trestment technologies to
mercury-contaminated wastes.

Treatment of Mercury-Bearing Wastes
with Thermal Desorption Technology

David B. Makmus
Applied Technologies Manager
SepraDyne Corporation
7201 1-35 North
Denton, TX 76207
Phone: (940)243-8203, Fax: (940) 243-9089
Dmalkmus.sepradyne@iolt.com

David B. Malkmus

Mr. Makmus received his degree (BS 1979) in Chemicd Engineering from Clemson University with
specidization toward Environmenta Engineering. He has over 20 years experience in the design, startup
operation and project management of waste processng sysems used in the commercid and energy
industries induding the Department of Energy and commercia nuclear power plants. Mr. Makmus has
designed large scale, proprietary waste trestment systems incorporating advanced water processng and
state of the art waste minimization technologies. He has published severa technical papers regarding
technology advances through EPRI, US DOE and the International Water Conference.

High Vacuum Rotary Retort for the Recovery of Products and the Minimization of
Wastestreams

At a Wedtinghouse subsdiary, Sdentific Ecology Group, Mr. Makmus served as a fellow engineer
respongble for the evauation, development, and deployment of new technologies for waste treatment
goplicationsinaddition to serving as a project manager inthe Operations Department. Prior to that, he hed
engineering and operation management positions with VECTRA Technologies, the SCANA Corporation:
VC Summer Nuclear Power Plant and the NUS Corporation.
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The SepraDyne Corporation has commercidized an extremey cost-effective process for removing and
recovering congtituents having baoiling points below 800°C. The process further provides a highly efficient
reduction in the volume of any remaining non-voldilized media The process materid is indirectly heated
within arotating vessd under a high vacuum inert environment. The congtituents of concern are voltilized
and diffused fromthe feed materid through the off-gas trestment train. Volatile constituents are condensed
to liquid through an advanced impinger, chill water systlem. By operating under high vacuum, the materia
bailing points are sgnificantly reduced thus enabling the ease of product recovery at lower operating
temperatures. There is little decomposition of products due to therma energy. Since the desorption and
product recovery processis performed inan oxygen-freeinert environment, thereis no generationof furans
and dioxinsaswdl| as any products of incomplete combustion. All retort off-gases are condensed to liquid
eliminating the potentia release of toxic substances to the aamogphere and thus permitting the recovery of
the condtituents for beneficia use. Inaddition, secondary waste streams are not produced because a steam
or gas stripping mediais not required to remove and transport chemicals from the processed materidl.

This paper will provide an overview of SepraDyne vacuum desorption system(s) and outline the
technologica advances of the indirectly heeted high vacuum retort. Also included are the results of severd
commercia and DOE applications for the separation of mercury from previoudy classified waste stream
sources the minimization of waste sources and the near complete destruction of furans and dioxins.

Permanent Mercury Disposal in Sweden

Kriginavon Ren
Principa Technicd Officer
Section for Chemicas Control
Swedish Environmenta Protection Agency
S-106 48 Stockholm, Sweden
Phone: +46(0)8-6981127, Fax: +46(0)8-6981222
Kristina.von-rein@environ.se

Kristina von Rein
Ms. von Rein has been with the Swedish Environmenta Protection Agency since 1990, and is the project
leader for the Govermental Assgnment that includes both an A ction Programme for more efficient collection
of used goods and products containing mercury and preparation of aproposal for find disposal in Sweden
of mercury-containing waste.

Ms. von Rein hasaM.S. degree in chemical engineering.
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Permanent Mercury Disposal in Sweden

Phase-out of mercury

Mercury is currently being phased out by means of various bans onthe useof goods and products containing
thismetd, the target year being 2000. Also, the export of mercury asaresdua product has been prohibited
snceduly 1, 1997. Exports of mercury waste for reprocessing and reuse abroad is not afeasible aternative,
a the same time as use of mercury in Sweden is being phased out. The Agency believesthat capacity for
disposa of mercury-containing waste should exist within the country.

Mercury is one of the mogt toxic of dl pollutants. The burden of mercury on our environment must be
reduced since every addition is undesirable. The Swedish EPA believesthat it is our generation that must
reversethe trend inorder to create a hedlthy living environment for future generations. The questionof how
to sore waste containing mercury ultimately concerns finding away of detoxifiyng our society.

Disposd of mercury-containing waste

Large quantitiesof discarded goods are currently in storage pending asolution. Large amountsof wasteare
aso stored in indugtry, either temporarely or a Stes which do not meet long-term environmental safety
requirements. The Swedish EPA consdersthis Situation to be untenable. It is therefore essentid to find a
method for the termina storage of mercury.

In December 1997, the SwedishEPA presented areport, concluding severa years of investigations, to the
Swedishgovernment withthe conclusion that disposal of waste containing mercury demandsactailor-made
solution. The Swedish Environmenta Protection Agency believesthat mercury-containing waste should be
disposed of insuchamanner that the mercury lesks to the externd environment aslittle aspossible, viewed

ina long-time perspective.

Deep storage rock - the best dternative

Alternative solutions have been compared, with a view to finding the form of termina storage which best
fuffils gringent environmenta requirements. The dternatives compared are high-quality surface storage,
shdlow storage in rock and deep storage in rock. These options differ in philasophy and the way in which
the surrounding environment must be protected againgt emissions.

The EPA consdersthat deep storage inrock isthe safest method of storagein the long term, sinceit isthe
solutionmost inharmony withthe environment; i.e., natureis used as abarrier and a buffer. The surrounding
bedrock will protect the functionality of the storage facility for thousands of years or even longer. This
solution can and should aso be accompanied by technica measures to further reduce the risk of future
emissons and to compensate for our lack of knowledge about the long-term processes governing the
dispersd of mercury.
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Sub-Seabed Emplacement: Long-Term Ultimate Disposal of
Mercury Wastes in Geologic Formations on Land

D. R. (Rip) Anderson, Ph.D.
Sandia Nationa Laboratories
P.O. Box 5800, MS-0779
Albuquerque, NM 87185
Phone: (505) 284-4600
drander @sandia.gov

D.R. (Rip) Anderson, Ph.D.
Dr. Anderson has 39 years of experience at Sandia Nationa Laboratories and currently is the Project
Manager for Sandia activities supporting the Waste Isolation Pilot Plant. Dr. Anderson’s responsibilities
include: technical andlys's, code development, quality assurance, testing, fiddd and |aboratory data andyss,
geotechnica and geochemicd andysis, and incorporating the above into performance assessment
caculaions for the Waste |solation Pilot Plant.

Dr. Anderson is an internationally recognized expert in risk and performance assessment. As manager of
the WIPP Performance Assessment Department, Dr. Anderson led the congtruction and preparation of
performance assessment andyss for a compliance certification gpplication to EPA which has led to the
opening of the first deep geologica repostory for radioactive wastes in the U.S. Dr. Andersonadso hasled
numerous waste disposal and management efforts, induding, but not limited to, the Sub-Seabed High Level
Waste Project, the FUSRAP Disposa Program, and the Decommissioned Nuclear Submarine Program.

Dr. Anderson has authored and co-authored more than 50 publications and reports dealing with waste
disposal, performance assessment and risk assessment. Dr. Anderson is aso the editor of the Radioactive
Waste Management Journal.

Dr. Anderson earned aB.S. in Chemistry (1957) from ldaho State University, and aPh.D. in Theoretica
Organic Chemistry and Chemica Oceanography (1961) from Oregon State University.

L and-Based Geologic Emplacement of Mercury Wastes

INn1979, Congressauthorized the U.S. Department of Energy to build aresearchand devel opment fecility -
the Waste Isolation Filot Plant (WIPP) - to demondirate the safe disposal of defense nuclear wastes
containing transuranic radionuclides. The WIPP, located near Carlsbad, NM, was opened as the world's
first nuclear waste repository and received its first shipments of transuranic wastes in March 1999.

The overd| processof assessing whether or not awaste disposal systemmeetsa set of performance criteria
iIsknown as a Performance Assessment (PA). The WIPP PA, conducted by Sandia National L aboratories,
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provided important input to decisions on the safety of a plan of action using a detailed procedure and
scientific knowledge. For radioactive wastes, a computationally demanding set of risk-based performance
criteriawas pecified by the U.S. Environmentd Protection Agency (EPA). Thesewere quantitetive criteria
that pecified probabilidtic limitsthat had to be met for the first 10,000 years of operation of anuclear waste
fadlity. The WIPP PA group developed a suite of models to predict future behavior of the fadlity. The
physical, chemical, and geologica processes that determined the behavior and evolution of the WIPP ste
were complex and highly nonlinear. The PA modelsthat describe the processes are complex and technicaly
sophigticated, and can be used to study the feasibility of the disposa of non-radioactive environmenta
contaminants with infinite haf-lives, such as mercury product wastes, in aland-based repostory.

Mercury-Sniffing Dogs: The Swedish Experience

Kjell Avergren
Environmental Dogs” Manager
The Dog Training Centre in Sollefted, Sveden
+46 302 326 79
kiell.avergren@swipnet.se
http: //www.humanitydog.com

Kjell Avergren
Mr. Kjdl Avergren has worked with environmenta issues on both a governmenta and a consultant level
(locdl, regiond and national) since 1980. He has lead the four Mercury Tracing Dogs projects within the
Swedish EPA"s mercury collecting program.

TheDog Training Centrein Solleftea and Mercury Decontamination.

Mercury - An environmental problem

Mercury isone of the world's most serious pollutants. One way to protect the environment is to remove the
mercury and deposit it in safe storage. The Swedish Parliament has concluded that mercury plays no part
in the natural world and the use of mercury should be phased out by the year 2000. In severa mercury-
collecting projects with the Swedish EPA, the Dog Training Centre in Sollefted showed that it is possible
to obtain low-cost, successful, and rapid results usang mercury tracing dogs. The strategy was to work
together with many different actors, rather than usng new or more regulations. The outcome was
remarkable..
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Mercury Dogs - The Cost-Effective Solution

Inlaboratories and chemica store cupboards, inhospitals, doctors surgeriesand dentists consulting rooms
and throughout industry, mercury can be found in anks, drains and sewage systems. The Dog Training
Centre now offers amercury tracing service usng sniffer dogs (The German Shepherd nr Froy and the
labrador mr Ville Sgmund) and dog handlers. The service enables the cost-effective recovery of themercury
and preventsit frombeing dispersed inthe environment through refuse or inthe sewage sysem. Using sniffer
dogs benefits the environrment and the customer's bank balance. Tests have shown that using the dogs
protects the environment, saves time and money, and generates goodwill.

More than 3,000 kg of mercury were collected from more than 1,200 schoals, 20 universities and many
hospitas taking part in different Swedish EPA projects. A number of doctors surgeries, dentists rooms,
laboratories and businesspremisesal so participatedinthe projects. The dogs traced hiddenmercury insinks
and floors in many thousands of buildings. German Shepherd mr Froy and labrador nr Ville Sgmund from
the Dog Training Centrein Solleftea, Ltd., saved at the same time up to 3-3.5 millionU.S. dollarsinreduced
decontamination costs. Onaverage 5.300-8.800 U.S. dollarsin clean-up costs were saved each working
day, resulting in ashort pay-off time.

The dogs achievement has attracted positive publicity from television, radio, newspapers, magazines and
onthe Internet in both Sweden and abroad. They have been the subject of morethan 2,000 items, induding
90 televison programmes.

The Dog Training Centreis part of the Iris Group, owned by the Foundationof the Visudly Impaired, and
the company’ s profit benefitsthe visudly impaired. Humanity Dog trains guide dogs for the blind and breeds
dogs to detect drugs, mould, PCB, ail, fire and mines. As part of its congtant effort to improve the
environment, the Centre hasjoined the " Green Trade network", established by the Swedish Trade Council.

Mercury Source Reduction and Recycling in Electrical Products

Eric (Ric) Erdhem
Senior Manager/Government Affairs, Nationd Electricad Manufacturers Association
Executive Director, Thermostat Recycling Corporation
Nationa Electrical Manufacturers Association (NEMA)
1300 North 17th Street, Suite 1847
Rosdyn, Virginia 22209
Phone: (703) 841-3249, Fax: (703) 841-3349
ric_erdheim@nema.org

Eric (Ric) Erdhem
Ric ErdheémisSenior Manager for Government Affairsat the National Electrica ManufacturersAssociation.
He represents d ectrica manufacturers on environmentd, occupational hedth, consumer product safety, and

68



fire safety issues. He dso serves as the Executive Director of the Thermostat Recyding Corporation, an
organization formed by the mgjor thermostat manufacturersto operate awholesaler take-back program for
mercury switch thermodtats.

Mr. Erdheim spent ten years as a Congressional aide, most of that time as Environmertd Legidative
Assgant to Senator Frank R. Lautenbergof New Jersey. Mr. Erdheim played asgnificant roleinenactment
of the ozone transport and ar toxics provisons of the Clear Air Act Amendments of 1990, the Pollution
Prevention Act, the Ocean Dumping Ban Act, and the Mercury Containing and Rechargeable Battery
Management Act.

Mr. Erdheim graduated from the University of Pennsylvania with a BA in Economics and the George
Washington University Law School.

Mercury Sour ce Reduction and Recycling in Electrical Products

Manufacturers have used mercury in batteries, lamps and thermostats. Each has industry has adopted
different gpproaches to reducing environmental exposure to mercury thet reflect the unique characterigtics
of the product.

In the 1980s, battery manufacturers used over 1,000 tons of mercury a year, mostly to make akaline
batteries. Inresponse to environmenta concerns, the industry developed aternatives to mercury invirtudly
dl batteries. Asaresult, the only consumer batteries manufactured today that contain any mercury are button
cdl batteries. With the phase-out of mercury use by 1993, mercury from dkaline batteries in the waste
streamhas dropped from 10,000 PPM to lessthan300 PM. Thisleve will decline by 50% everytwoyears.
This sgnificant decline has been partidly respongble for the declinesin mercury levels from incinerators.

Lamp manufacturers have reduced the average mercury leve infour foot lampsfrom48 mgin1985t0 11.6
mg in 1999. Asaresult, mercury contained in lamps has dropped sgnificantly. More importantly, use of
mercury-containing lamps results in anet decrease in mercury because of the energy efficient nature of the
lamps as contrasted with no mercury but energy inefficient incandescent bulbs.

Manufacturers cannot reduce the amount of mercury used in mercury switch thermogtats. The average
mercury leve inthesethermostatsis 3-4 grams. To address the problem of disposing of a product withsuch
relaively high leves of mercury as compared to lamps, manufacturers have established the Thermostat
Recycling Corporation to recapture mercury-switchthermostats. In the first eighteen months of operations
in nine gates, the TRC hasrecovered 270 pounds of mercury. This program works because of the unique
characterigtics of thermostats and is not necessarily a mode for other products.

These examplesindicate that manufacturers use mercury inawiderange of productsfor different purposes.
The productsdifferin: unitssold, mercuryleves, Sze and product composition, users (bus nesses/specidized
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ingtallers/homeowners) and other factors. Because of thesedifferences, issuesinvolved inwaste management
vary for each product necessitating different approaches.

DSCP Buying Green

Anthony Armentani
Program Manager, Lighting Products
Defense Supply Center Philaddphia
700 Robbins Ave
Philadelphia Pa. 19111-5096
Phone: (215) 737-8047, Fax: (215) 697-9093
aar mentani @dscp.dla.mil

Anthony Armentani
Anthony Armentani is currently the Program Manager for Lighting Products a the Defense Supply Center
Philadelphia. Inthis positionMr. Armentani is responsible for leading ateam of associatesinthe acquistion,
inventory management, technical and quality support initigtives in the management of over 60,000
commercid, non-commercid and military unique lighting items.

Mr. Armentani has over twenty years of federd service, al with the Defense Logigtic Agency. He Sarted
his career a the Defense Industrid Supply Center (DISC) in Philadelphia as an Equipment Specidist and
quickly moved up to Team leader, Supervisor and Branch Chief of the Miscellaneous Hardware and
Physical Security Equipment unit inthe Technica Operations Directorate. Mr. Armentani spent four years,
as the Technica Data Manager at DISC where he was respongble for the acquisition, management and
digributionof dl the technical data required for competitive procurements at the center. Mr. Armentani spent
two years on the Commanders gaff at DISC, reengineering the work processes and participated in the
development of DSCP s Innovative Logistic Support units that have alowed for a strong customer focus.

Mr. Armentani is a graduate of Rowan Universty in Glassboro, NJ.
Buying Green

The DSCP presentation will cover the methods and guidelines utilized by the DSCP Lighting Team in the
acquidtion and support of energy-efficient low-mercury lighting products. The presenter will discussthe
DSCP/DLA customer commitment, The advantages and related savings inthe use of low- mercury energy-
effident lampsand the projects and partnershipsthat we nurture and devel op to ensure widespread energy-
efident lignting use throughout the federal sector. The briefing will identify Energy and environmental
guiddinesused in the acquisition of energy-efficient products, various types of low-mercury lampsavailable
through DSCP and what new technologies are on the horizonfor federa energy users. The presenterswill
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also discuss the different ways to research, select and order these energy-efficient low-mercury products
from DSCP. Primary presenter for DSCP will be Tony Armentani Program Manager-Lighting.

EPA/AHA Agreement: Reduction of Mercury Wastes from
Hospitals/Health Care Facilities

Chen Wen
Program Andyst
Pollution Prevention Divison, Office of Pollution Prevention and Toxics
U.S. Environmentd Protection Agency
401 M Street, SW (MC-7409)
Washington, DC 20460
Phone: (202) 260-4109, Fax: (202) 260-0178
wen.chen@epa.gov

Chen Wen
Chen is currently serving as ateam member of the EPA Hospitas for a Hedlthy Environment (H2E)
project, and staffs a number of different workgroups associated with H2E. Prior to working on H2E,
Chen served in anumber of diverse posts throughout the EPA, including:

. Program manager of the Environmenta Justice Through Pollution Prevention Grant Program;
. Program manager of the Pollution Prevention and Insurance Project;
. Vice President Gore's Task Force for Government Reinvention;

. Agency Task Force for Contracts Management Reform.

Prior to joining the EPA, Chen obtained his Bachelor of Arts degree in Political Science from the
Universty of Washington, and his Master of Arts degree in Public Policy Studies from the University of
Chicago.

EPA/AHA Agreement: Reduction of Mercury Wastesfrom
Hospitals/Health Care Facilities

EPA’s Voluntary Agreement with the American Hospital Association and Its Implications on the Need
for Agency Standard for the Disposal of Mercury According to EPA’s Mercury Report to Congress,
the hedthcare indudtry isthe 4th largest source of mercury release. The mercury release eventudly find
itsway into the food chain, and back to humans.

The voluntary agreement between the American Hospital Association - which represent some 85
percent of al heathcare facilities in the United States - and the EPA outlines a number of gods. One of
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the sand-outs is to “virtudly eiminate’ mercury-containing waste by 2005.

Mercury Content of Products Commonly Used by
Boston Area Hospitals

Kevin McManus
Toxic Reduction and Control Department (TRAC)
Massachusetts Water Resources Authority
5313 38 St., NW
Washington, DC 20001
Phone: (202)362-6034, Fax: (202)362-6632

Kevin McManus
Mr. Kevin McManus is the Director of the Toxic Reduction and Control Department (TRAC) of the
Massachusetts Water Resources Authority.

Mr. McManus isrespong ble for implementationof the MWRA's Industrid Pretrestment Program. MWRA
currently regulates approximately 1,100 industrid and commercia dischargers in order to control the
loadings of heavy metds and organic pollutants to MWRA's new trestment plant on Deer Idand. TRAC
aso works with trade organi zations, municipdities and other agencies to reduce toxics from awide array
of non-industria sources such as hospitals, laboratories, photoprocessors, dentd facilities and automotive
fadlities

Prior to coming to the MWRA in 1993, Mr. McManus worked for seven years with Metcaf and Eddy,
Inc., managing the environmental compliance programs for numerous private and public construction
projects. He also worked as Generd Manager for Offshore Devices, Inc., a marine engineering firm
gpecidizing in the manufacture and use of offshore oil spill deanup equipment.

Mr. McManus has an undergraduate degree in Marine Policy from the University of Rhode 1dand, a
Masters degree in Marine Resource Management from the University of Washington, and a Magter of
Business Adminigtration degree from Bogton University.

New Strategies for Reducing Mercury Discharges from Health Car e Facilities

The fiveeyear MWRA/Hospital Mercury Workgroup is a cooperative effort between the Massachusetts
Water Resources Authority (MWRA) and Boston-area hospitals and medicd fadlities to reduce the
discharge of mercury-containing products from hospitas to the sewer sysem. This workgroup identified
mercury in many products that have commonly been used in hospitals and other medical facilities, such as
blood test reagents and cleaning products. The workgroup has actively

researched mercury-free aternatives to many of these products, and developed a mercury products
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database which is available to area hospitals and other interested parties.
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The workgroup a so:

» Devedoped standards for replacing piping where mercury can accumulate over time;

*  Prepared guidance documents for industries detailing mercury compliance problems,

*  Assessed loadings of mercury from indudtria dischargersin the MWRA sewer service areg; and
e Conducted pilot-scale testing of promising mercury pretrestment systems.

A key factor ingaining the cooperation of facilities in the workgroup was MWRA's Mercury Safe Harbor
Program. Under this program, MWRA will not escal ate enforcement (beyond enforcement orders) against
companies that have non-compliant mercury discharges, provided they actively participate in the program
and demondtrate progressin reducingtharr mercury discharges. Under thisprogram, the MWRA has divided
its non-compliant mercury dischargers into two groups. Group 1 conssts of sewer users whose discharge
contains 0.004 mg/l or less of mercury; Group 2 congsts of sewer userswhose discharge containsmorethan
0.004 mg/l of mercury. Fadilities that operate outside the safe harbor will be subject to escalating
enforcement including monetary pendties.

To date, this cooperative effort has resulted in a Sgnificant decrease in mercury concentrations from the
fecilities permitted by the MWRA in the metropolitan Boston region. The 29 mgor hospitals and medica
centers (representing 55 individud sampling locations) were a mgjor source of mercury from MWRA's
permitted users. Since 1995, 77% of these sampling locations have achieved compliance (1 part per hillion
or less), and only 9% remain above 4 parts per billion on aconsstent basis. Average mercury discharge
concentrations from these hospitals dropped from 22 ppb in 1994 to 2 ppb in 1999.

Eliminating Non-Essential Mercury Uses

Michad T. Bender
Mercury Policy Project
1420 North St.
Montpelier, VT 05602
Phone: (802) 223-9000, Fax: (802) 223-7914
MTBender VT @aol.com
http: //www.mer curypolicy.org

Michael T. Bender
Michael Bender is a consultant to the Mercury Policy Project, asmal, nonprofit enterprise dedicated to
reducing human expaosures to mercury and the virtud dimination of anthropogenic mercury releases. The
Project identifies strategic opportunities and works collaboratively with business, government and
nongovernment officids toward attaining its gods.
Michael has over 10 years experience in municipa hazardous waste management and has focused on
mercury for the past several. From 1995 to 1997, Michadl worked to secure the release of the Mercury
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Report to Congress and since then has provided input on the Universa Waste Rule and the Mercury-
Containing Lamps Rule, the New England Governors/Eastern Canadian Premiers Mercury Action Plan,
the North American Regiona Action Plan on Mercury and the Agency for Toxics Substances and
Disease Registry's mercury reference level.

Michael has aBachedor of Artsin Generd Studies and a Magters of Science in Resource Management
and Adminigration from Antioch New England.

Phasing Out Thermometer s and Other Non-Essential M er cury-Containing Products

The top priority of federd, triba and state waste hierarchies is source reduction, with specid attention
paid to diminating substancesin products, like mercury, when they are found to present some of the
most profound risks to human hedth, wildlife and the environment. For mercury-containing products,
then, whenever viable, environmentaly sound and cogt-effective dterndtives are identified that contain no
mercury, they should become the preference of government procurement programs and strongly
supported as the preferred societd choice. For thisto occur effectively, non-essentid mercury-
containing products must be “virtudly diminated” over time by phasing out their manufacture, import and
sde Asan interim step, existing products should be collected and properly managed to prevent the
haphazard release of mercury indoors or into the environment. There are currently a number of initiatives
where both voluntary and mandatory phase-outs of mercury-containing products are being carefully
considered, developed or implemented. This paper will present severa case sudy examples.
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